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ABSTRACT 



Aims. To investigate the chemical relations between complex organics based on their spatial distributions and excitation conditions in 
the low-mass young stellar objects IRAS 16293-2422 "A" and "B". 

Methods. Interferometric observations with the Submillimeter Array have been performed at 5" x 3" (800x500 AU) resolution re- 
vealing emission lines of HNCO, CH3CN, CH2CO, CH3CHO and C2H5OH. Rotational temperatures are determined from rotational 
diagrams when a sufficient number of lines are detected. 

Results. Compact emission is detected for all species studied here. For HNCO and CH3CN it mostly arises from source 'A", CH2CO 
and C2H5OH have comparable strength for both sources and CH3CHO aiises exclusively from source "B". HNCO, CH3CN and 
CH3CHO have rotational temperatures >200 K implying that they arise from hot gas. The (u, v)-visibility data reveal that HNCO also 
has extended cold emission, which could not be previously determined through single dish data. 

Conclusions. The relative abundances of the molecules studied here are very similar within factors of a few to those found in high- 
mass YSOs. This illustrates that the chemistry between high- and low-mass objects appears to be relatively similar and thus indepen- 
dent of luminosity and cloud mass. In contrast, bigger abundance differences are seen between the "A" and "B" source. For instance, 
the HNCO abundance relative to CH3OH is ~4 times higher toward 'A", which may be due to a higher initial OCN" ice abundances 
in source "A" compared to "B". Furthermore, not all oxygen-bearing species are co-existent, with CH3CHO/CH3OH an order of 
magnitude higher toward "B" than "A". The different spatial behavior of CH2CO and C2H5OH compared with CH3CHO suggests 
that successive hydrogenation reactions on grain-surfaces are not sufficient to explain the observed gas phase abundance of the latter. 
Selective destruction of CH3CHO may result in the anti-coincidence of these species in source 'A". These results illustrate the power 
of interferometric compared with single dish data in terms of testing chemical models. 

Key words. Astrochemistry - Line:identification - Methods:observational - Techniques:interferometric - Stars:formation 



1. Introduction 



The envelopes of some low-mass protostars contain many com- 
pile organicmoleculea^ (Blake et al., 1994; van Dishoeck et al., 
1995t ICazaux et al.i. ^2003; Bottinelli et alo. i2004a.bv i2007k 



J0rgensen et"an IToOSa.b; Sakai et all l2006i l2007h . This raises 



the question whether these are low-mass versions of "hot cores", 
chemically very rich environments in high-mass star forming 
regions that are thought to have their origin in grain-mantle 
evaporation and the subsequent rapid gas phase reactions. The 
low-mass counterpart is sometimes called a "hot corino". The 
presence of warm material has long been s uggested from mod- 
ehng of the SEDs of these sources (e.g. , lAdams et aU Il987t 
|j0rgensen et al.L 120021: IShirlev et al.L l2002h a nd has beeii firmly 
esta blished b y mol e cular excitation studies ("Blake et aU 119941: 
Ivan D ishoec k et all 119951; [CeccarelH et al., 2000) and by re- 
solved interferometric imaging (see e.g. , [Chandler et all 120051: 
iBottinelli etali l2004bl; lJ0rgensen etaU l2005cl) . However, in 
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some source s the emission peaks offset from the continuum 
source (e.g., IChandler et all l2005h . This offset is in disagree- 
ment with the "hot corino" hypothesis for low-mass stars in 
which complex molecules evaporate through passive heating and 
is more in favor of other explanations such as the presence of 
disks or outflows that create shocks in the envelope. Currently, 
there is an ongoing debate on whether the emission of complex 
organics comes from "hot corinos" or from other types of re- 
gions. Also, the extent to which the observed organics are first 
generation molecules created in the ice or second generation pro- 
duced in the gas is still an open question. The aim of this work 
is to map the emission of complex organics to address the latter 
question, namely to determine their most likely formation mech- 
anism. 

One method to study chemical links between species 
is to study molecular abundances through single-dish sur- 
veys in a large number of sources (vander Taket al., 200Q, 
I2OO3I; llkeda eTaP. l200U iBisschop et all l2007bi) . An alternative 
method is to look for spatial correlations by interferometric ob- 
servations of a single source through which it is possible to dis- 
tinguish compact and extended emission as well as the exact 
location of the compact emission. The species that are studied 
here are the nitrogen-bearing species, HNCO and CH3CN and 
the oxygen-bearing species CH2CO, CH3CHO, and C2H5OH 
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that are commonly found toward or surrounding hot cores. The 
molecules CH2CO, CH3CHO and C2H5OH are proposed to be 
linked by successive hydrogenation on the surfaces of grains 
dTielens & Charnlevi[T997h . 



The source studied in this paper, IRAS 16293-2422, is a 
very well studied and chemically rich low-mass YSO. It is a bi- 
nary with its main components, named " A" and "B", separate d 
by 5"(corresponding to 800 AU at 160 pc'Mundvet al.', ll992h. 
From s i ngle dish observations and mo deling, van Dishoe ck et alj 
cm, ICeccarelli et aH (IT9991 HOOO) and Schoier eialjTaQQl 
concluded that emission from several organic molecules arises 
from a compact region. The data for some species such as H2CO 
and CH3CN are significantly better fitted if a "jump" in the abun- 
dance at 80-90 K due to grain-mantle evaporation is assumed 
in a spherica l circ um-binary envelope ( Ceccarelh et al.L I2OOOI: 
ISchoier et al.L 12002,) . Through interferometric observations it is 
possible to distinguish between the emission from the cold ex- 
tended envelope and more compact emission as well as the 
peak location: is the emission coming from source "A" or "B"? 
Previous observations have shown that some complex species 
are much more abundant toward one source than the other, such 
as CH3OCHO which is more prominent toward the "A" source 
(■Bottinelli et al.", "20041 iHuangetaLl I200I iKuanetaLL l2004t 
[Remijan & Holhs, 20oJ) . 



The nitrogen-bearing species HNCO and CH3CN have pre- 
viously been detected toward IRAS 16293-2422 through sin- 
gle d ish observations (ivan Dishoeck et all 119951: ICazaux et al.L 
l2003h . They often have high rotational temperatures in star 
forming regions implying that th e y are present in hot gas 
(Olmi et al., 1993; Zinchenkoetall I2OOOI: ICazaux et al.l 120031; 
[Bisschop et al.L 120 07b). Thi s is also the case for the oxygen- 
bearing molecule C2H5OH dlkeda et al.L 120011: iBisschop et al.L 
l2007bf ). In contrast, CH2CO and CH3CHO are ofte n detected in 
high-mass sources with low rotational temperatures dlkeda et all 
[2002; Bisschop et al., 2007b). For CH3CHO higher rotational 
temperatures are also found, but these can be due to the b-type 
transitions that are radiatively pumped and do n ot repres ent the 
actual kinetic temperature of the gas (iNumm elin et al. . l2000t: 
(Turner, 1991). Recent laboratory experiments by Bissch op et al.l 
(2007a) have shown that it is possible to explain the gas phase 
abundances of C2H5OH if a solid state formation route through 
CH3CHO hydrogenation is assumed. The observed absence of 
CH3CHO in hot gas combined with its detection in cold ices 
dKeanel I2OOII: iGibb et all |2004"), however, implies that it must 
be destroyed at higher ice temperatures, before evaporation com- 
mences, or directly after evaporation in the gas phase. A compar- 
ison of the excitation properties as well as interferometric obser- 
vations in which the spatial distribution of the species can be 
determined are good tools to further elucidate the chemical rela- 
tions between these species. 



This paper is structured as follows: § |2] presents the 
Submillimeter Array (SMA) observing strategy as well as maps 
and spectra; §|3] explains the analysis of the interferometric ob- 
servations in the (m, v)-plane and the fitting of rotational dia- 
grams; §|4]presents the results of the rotational diagram and flux 
analysis; § |5] discusses the relative abundances of the different 
species with respect to each other as well as the implications for 
the chemistry; §|6] summarizes the main conclusions. 



2. Observations 

2.1. Observing strategy 

The line-rich low-mass protostar, IRAS 16293-2422, at a dis- 
tance of 160 pc, has been surveyed from 2004 to 2005 using 
the Submillimeter ArrajQ (SMA) in a large number of frequency 
settings. In this paper we focus on just the emission lines from 
HNCO, CH3CN, C2H5OH, CH2CO and CH3CHO for which 
particularly sensitive data exist (see Tables [T] and [2]i. Other pa- 
per s presentin g data from this survey are lTakakuwa et alj d2007l) 
and lYeh et all (2008.) . 

The data shown here were all covered in one spectral setup 
at 219.4-221.3 GHz (LSB) and 229.4-231.3 GHz (USB) on 
February 18th 2005 with 6 antennas in the compact configura- 
tion of the array, resulting in 15 baselines from 10-70 m. This 
frequency setup was c hosen to cornpleme nt a large SMA survey 
of Class sources ( J0rg ensen et al.Ll2007h and includes, e.g., the 
strong CO transitions and its isotopologues and a large num- 
ber of lines from organic molecules. The data were taken as 
part of dual receiver observations simultaneously with high fre- 
quency 690 GHz data (T. Bourke et al., in prep.). The weather 
was optimal for the 690 GHz observations with T225 ghz better 
than 0.03. The excellent weather conditions and the dual receiver 
option naturally provides a possibility for very high quality ob- 
servations at the lower frequencies. The overall flux calibration 
is estimated to be 30%. The phase center for the observations, 
(a,5)j20()0=(16:32:22.9, -24:28:35.5), is located about 1" to the 
north from the "A" component of the IRAS 16293-2422 binary. 
The synthesized beam was 5.5" x 3.2", which corresponds to 
800x500 AU at 160 pc. The SMA correlator was set up with 
uniform coverage of the 2 GHz bandwidth with 128 channels 
for each of the 24 chunks, corresponding to a spectral resolution 
of 1.1 km s ^ The RMS was 60 mJy beam ' channel '. 

The initial data reduction was performed using the MIR 
package (Oi, 2006). The complex gains were calibrated by fre- 
quent observations of the quasar J1743-038 (3.0 Jy) offset by 
27 degrees from IRAS 16293-2422. Flux and band-pass calibra- 
tion was performed by observations of Uranus. Continuum sub- 
tracted line maps and further analysis were subsequently made 
using the Miriad package. 



2.2. Maps and spectra 

Figure [T] displays the maps and selected spectra toward the "A" 
and "B" components of IRAS 16923-2422, whereas the spectra 
of additional lines are shown in Figures [T] [3] E] and the online 
appendix|A]in Figures lATIIA.4l (see also Tables [T]&|2]|. The line 
identifications are based on comparison with the CDMSq JPLq 
and NIS10 catalogs. The assignments are assumed to be secure 
when no other species emits close to the observed frequency. 
Note that for CH3CHO the frequencies from the NIST catalog 
have been used, because the data in the JPL catalog are based 
on extrapolations of the line positions from lower frequencies. 
These are shifted by a few MHz or mo re from the actual m ea- 
sured line positions in the laboratory bv lKleiner et alj dl996h . 



- The Submillimeter Array is a joint project between the Smithsonian 
Astrophysical Observatory and the Academia Sinica Institute of 
Astronomy and Astrophysics. It is funded by the Smithsonian Institute 
and Academia Sinica. 

^ http : //www ■ astro . uni -koeln . de/cdms/ 1 



http : //spec . j pl . nasa . gov/f tp/pub/catalog/catf orm . h tml 
' ihttp : //physics .ni St . gov/cgi-bin/micro/table5/start . pi 



S. E. Bisschop et al.: Small scale organic chemistry in IRAS 16293-2422 3 

Table 1. Line parameters and fluxes from detected HNCO and CH3CN transitions for the "A" and "B" components. The figures in 
which the fines are shown are indicated in the last column. 



Molecule 


Freq. 


Transition 


£u 


f^'S 


FAV" (Jy 


kms-') [cr] 


Figure 




(GHz) 




(K) 


(D2) 


"A" 




"B" 




HNCO 


219.657 


103,7/8-93,6/7 


447 


139.2 


4.9 


\12a-\ 


0.54 [ 8cr] 


lAJj 




219.733 


102,9-92,8 


231 


73.8 


10.5* 


[41tr] 


0.37 [ 6cr] 


IM] 




219.737 


102,8-92,7 


231 


73.8 


10.5* 


\A\a\ 


0.30 [ 50-] 


ED 




219.798 


10o,io-9o,9 


58 


77.0 


10.9 


[49tr] 


1.37 [12tT] 


E 




220.584 


10l,9-9,.8 


102 


76.2 


9.6 


[43(T] 


1.19 [13cr] 


S 


CH3CN 


220.476 


128-118 


526 


608.6 


2.4 


vna\ 


0.45 [ 7cr] 


lAJJ 




220.539 


12,-1 17 


419 


722.8 


3.1 


\\Aa-\ 


0.44 [ 7cr] 







220.594 


126-116 


326 


1643.3 


c 




1.56 [14cr] 


m 




220.641 


125-1 15 


247 


905.3 


_rf 




1.81 [19cr] 


m 




220.679 


124-1 14 


183 


973.9 


11.4 


[52tr] 


1.76 [19cr] 







220.709 


123-113 


133 


2054.4 


14.8 


[67trl 


2.21 [23cr] 


m 




220.730 


122-1 12 


97 


1065.1 


14.3 


[65trl 


2.07 [220-] 


m 




220.742 


12i-ll, 


76 


1088.0 


_rf 




2.23 [24cr] 


113 




220.747 


12o-llo 


69 


1095.6 


_rf 




2.47 [26cr] 


miAi 


CH^^CN 


220.600 


123-1 13 


133 


2066.3 


_j 




0.88 [ 9cr] 


l3j 




220.621 


12,-ll2 


97 


1071.4 


_d 




0.69 [ 7cr] 


m 




220.634 


12i-lli 


76 


1094.4 


_rf 




0.61 [ 6cr] 


s 




220.638 


12o-llo 


69 


1102.1 


_rf 




0.44 [ 5cr] 


s 



"FAV is determined over the full width of the emission coming from source "A" or "B", respectively. *The 102,9-92,8 and 102,8-92,7 transitions 
for HNCO are blended in source "A". The flux given is the total combined flux for both lines. ''Blended with the C2H5OH 13i,i3-12o,i2 transition. 
"^Strongly blended lines. 

Table 2. Line parameters and fluxes from detected CH2CO, CH3CHO and C2H5OH transitions for the "A" and "B" components. 
The figures in which the lines are shown are indicated in the last column. 



Molecule 


Freq. 


Transition 


£u 


l^'S 


FKV" (Jy : 


kms-')[o-] 


Figure 




(GHz) 




(K) 


(D^) 


"A" 


"B" 




CH2CO 


220.178 


ll,,ii-10i,,o 


76 


65.4 


3.98 [I80-] 


3.30 [350-] 


liJ 


CH3CHO-A'' 


219.780 


lll,10-10l,9 


435 


66.4 


<0.22 


0.43 [ 7o-] 


IA3J 




230.302 


122,11-112,10 


81 


73.7 


<0.22 


2.23 [240-] 


|A.3| 




230.395 


122.11-112,10 


286 


74.1 


<0.22 


1.01 [170-] 


|A.3| 




230.438 


12o.i2-llo,ii 


440 


72.9 


<0.22 


0.66 [ 80-] 


\m 




231.330 


125,8/7-115,7/6 


129 


125.5 


<0.22 


2.66 [280-] 


\m 


CH3CHO-E'' 


231.357 


123,9-113,8 


299 


71.4 


<0.22 


1.32 [140-] 


|A^ 




231.363 


125,7-115,6 


129 


62.7 


<0.22 


2.44 [26o-] 


\M 




231.369 


125.8-115,7 


129 


62.1 


<0.22 


1.94 [2I0-] 


|A.4| 


C2H5OH 


220.602 


13l,13-12o,12 


74 


44.7 


C 


4.02 [340-] 


LLJl3||4| 



"FAV is determined over the full width of the emission coming from source 'A" or "B", respectively. *3cr upper limits are calculated assuming 
that the CH3CHO-A and E lines have the same line-widths as CH2CO. 'Blended with the CH^'CN I23-I I3 and CH3CN 126-1 h transitions. 



From Figure [Hit is clear that significant physical differences 
exist between the regions where the e mission from these two 
sou rces arises. As pre viously noted by iBottinelli et al.l (l2004bl) 
and lKuan et al.l (l2004l) the spectra toward "A" show broad lines 
with a FWHM of 8 km s ', whereas the lines toward "B" are 
much narrower, typically less than 2 km s ' wide (~2 chan- 
nels). The high excitation lines of the complex organics peak at 
Vlsr =1.5-2.5 km s"' toward both sources. This is in contrast to 
the systemic velocities of the larger scale envelo pe, e.g., traced 
by HCN, at 3^.5 km s ' ('Takak uwa etani2007b . The maps dis- 
played in Fig. [1] are obtained by integrating over the width of 
the "B" component. Since the line-width in source "A" is much 
larger and the peak intensity is much lower than that of source 
"B", only a fraction of the total flux of the CH2CO line in source 
"A" is shown in the maps in Fig.[T](see also Table|2]i. When the 
CH2CO line is integrated over the line-width from source "A" of 



8 km s"' equally strong peaks for both sources are detected as 
is illustrated in Fig. |2] where the maps for CH2CO are shown 
integrated over both velocity ranges. 

HNCO and CH3CN show much weaker emission at the "B" 
position, i.e., 8% and 18% respectively of that at the "A" position 
whereas CH3CHO is only seen toward the "B" position. Tables[T] 
and |2] list the integrated line intensities for positions "A" and 
"B". When there is no detection, 3cr upper limits to the intensity 
are given provided that there is no overlap with other species. 
Lines of isotopologues were also searched to check the optical 
depth. No HN'^CO lines were detected leading to a lower limit 
for HNCO/HN'^CO of about 10. Since even high-mass objects 
show no evidence for high optical depth dZinchenko et aLluOOOl: 
Bisschop et al., 2007b), we assume for the remainder of this pa- 
per that the emission from HNCO is optically thin. CH^^CN is 
clearly detected toward source "B" as is shown in Fig. [3] for 
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RA offset {") 



RA offsef (") 



Fig. 2. Maps for the CH2CO lli.n-lOijo line integrated over 
the width of the "A" component of +4 km s ' (left) and "B" 
component of ±1-1.5 km s"' (right) around the systemic veloc- 
ity. The size of the SMA beam is shown in the map of the "B" 
component for comparison. 



the CHf CN branch. The CHfCN transitions (see Fig. O are 
strongly blended in source "A". However, it is probable that it is 
present since there is emission toward source "A" that coincides 
with the locations of the CH^^^CN transitions. Due to the line- 
blends, it is unfortunately not possible to determine accurate in- 
tegrated line-intensities for source "A". For source "B", however, 
they can be determined. The CHsCN/CHj^CN ratio is -10 with 
a relatively large uncertainty on the fluxes of 40% due to the 
low signal-to-noise. The CHsCN/CHj^CN ratio is much lower 
than th e '^C/'^C ratio of 77+7 determined bv IWilson & RoodI 
(1 19941) for the local ISM and the estimated optical depth is ^2. 
The CH3CN emission for "A" is probably optically thick as well. 
A high optica l depth toward IRAS 16 293-2422 for CH3CN was 
also found bv lBottineUi et all (l2004bh . Note that for high optical 
depth the rotation temperature and number of molecules derived 
from the rotation diagram will be upper and lower limits, respec- 
tively. 

The C2H5OH 13i.i3-12o,i2 transition is detected toward 
source "B" shown in Figs |3] and |4] It is strongly blended with 
flie CH'^CN I23-I I3 transition at 220.600 GHz, and for source 
"A" also with the CH3CN 126-116 transition at 220.594 GHz. 
This makes the estimate of the number of molecules from this 
line very uncertain, even though it is detected and the identifica- 
tion of the line seems secure for source "B". 




220.58 220.60 220.62 220.64 

Frequency (GHz) 



220.66 



Fig. 3. SMA spectrum in the 220.580-220.66 GHz range for 
sources "A" (lower spectrum) and "B" (upper spectrum). The 
dotted lines indicate from left to right the positions of the I23- 
1 13, 122-1 12, 12i-l 1 1 and 12o-l lo CH^CN transitions and the 
dashed lines the positions of lines for other species, in particular 
the 10i,9-9i,8 HNCO, 126-116 and I25-II5 CH3CN and 13i,i3- 
12o,i2 C2H5OH transitions. The frequency range shown in more 
detail in Fig. |4] is indicated with a bar above the spectrum of 
source "A". Note that the x-axis here is given in GHz and in 
Fig. |4]in km s ', so that the spectra are reversed compared to 
each other. The horizontal dotted lines show the baseline. 



3. Analysis 

3.1. Disentangling compact and extended emission: fits in 
the{u,v)-plane 

One of the issues in dealing with interferometric observations of 
protostars is that a significant fraction of the emission may be re- 
solved out, especially for low excitation transitions of molecules 
also present in the large scale cold envelopes. Furthermore, fits in 
the image plane suff'er from the effects of the Fourier transforma- 
tion and image deconvolution, in particular for sparsely sampled 
data. 

We have analyzed the data directly in the (m, v)-plane of the 
interferometric observations to investigate the molecular emis- 
sion as function of baseline length, where longer baselines cor- 
respond to more compact emission, and compared this to the 
single dish flux measured by the JCMT. Figure |5] illustrates this 
for the lowest excitation HNCO 10o,io-9(),9 fine at 219.798 GHz 
(Eu = 58 K). These observations show a break around 15 kA 
(2000 AU) with an almost constant amplitude at longer base- 



lines, implying that there is an additional compact (unresolved) 
component contributing to the emission. This break is consis- 
tent with the analysis of single dish data bv' Schoier et al.l (|2002|) . 
which gives an abundance enhancement in the innermost enve- 
lope. For shorter baselines the flux increases and the single dish 
flux with the JCMT is recovered within the uncertainty. When 
the analysis is restricted to the longer baselines, the emission 
can be compared for compact emission exclusively without wor- 
rying about the presence of extended envelope material. For all 
other lines and species the point source fits are therefore made 
to baselines longer than 17 k/l integrated over the velocity range 
of each component. This results in the fluxes listed in Tables [T] 
and|2] For the HNCO 10o,io-9o,9 transition, about a third of the 
flux is observed at the longest baselines, due to compact emis- 
sion, whereas the remaining two thirds can be attributed to the 
extended cold envelope. This is the only species, however, where 
a significant increase is seen for shorter baselines. Thus, most of 
the emission from the remaining species is unresolved although 
colder extended material is not excluded (see §|4]l. 
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Fig.l. Maps and spectra of the HNCO 10o.io-9o,9, CH3CN 12o-llo, C2H5OH 13i.i3-12o,i2, CH2CO lli,ii-10i,io and CH3CHO 
125,8/7.0-115,7/6.0 lines from -15-20 km s '. The maps (upper panels) show the emission integrated over the width of the "B" 
component i.e. +1.0-1.5 km s"' around the systemic velocity. The contour levels are at 10%, 20%, etc. of the peak in the maps. The 
peak integrated intensities are 10.3, 3.5, 1.0, 3.2, 2.7 Jy km s ' for HNCO, CH3CN, C2H5OH, CH2CO and CH3CHO, respectively. 
The size of the SMA beam is indicated in the lower left corner of the HNCO map for comparison. In the spectra (lower panels) 
the lower row indicates the spectra toward "A" and the upper row toward "B" shifted in the vertical scale by 4 Jy beam"'. A dotted 
vertical line at vlsr - 2 km s"' indicates the average systemic velocity for the compact emission toward "A" and "B". The additional 
emission feature present at 8 km s ' next to CH3CN 12o-l lo is the CH3CN 12i-l 1 1 transition and that next to CH2CO 1 1 i,ii-10i,io 
is the HCOOCH3 172,15-164,12 transition. Note that small velocity differences are present between the sources and perhaps even 
between different species. Solid and dashed horizontal lines indicate the basehne and the 3cr level per channel, respectively. 



3.2. Rotational diagrams 

When multiple transitions of a given molecule are observed 
spanning a large range in excitation energies it is possi- 
ble to infer the physical properties of the emitting gas un- 
der various as sumptions. The rotational diagram method (e.g., 
iGoldsmith & LangeL.1999:) is often used for molecules of differ- 
ent excitation energies. Under the assumption that the emitting 
gas is optically thin a straightforward relationship exists between 
the integrated intensities, the column density of the molecule and 
its so-called "rotational temperature". At high densities this will 
approach the kinetic temperature of the gas. 

For single-dish observations one typically assumes that the 
source is compact with respect to the beam and that a specific 
beam filling factor (or source size) applies as a correction to the 
observed intensities. For the interferometric observations pre- 
sented here we know that the source is unresolved at a specific 
angular resolution. It is therefore more natural to work directly 
in units of flux densities, so that the analysis is independent of 
an unknown source size. For an optically thin source, ignoring 
background radiation, the source brightness at a specific fre- 
quency, /,, is then given by: 



AjtAV 



where Aui is the Einstein coefficient, A^*'" the column density of 
molecules in the upper energy level and AV the emission line- 
width. Assuming the source emits uniformly over a solid angle, 
Q, we can also express the column density A^*'" as the total num- 
ber of molecules, F*'" - A^*'"Q. Since the definition of bright- 
ness of a uniform source is ly - 5v/Q where 5v is the flux den- 
sity, we can write: 



Auiy™"/!c 
4nAV 



(2) 



Note that in contrast to the typical calculation for rotational di- 
agrams, the source size does not enter the equation here - only 
the total number of molecules. The observed quantity from this 
expression is the integrated line intensity, S yAV, typically mea- 
sured in Jy km s"'. 

From this expression it is straightforward to isolate the num- 
ber of molecules in the energy level, F*'", and through the 
Boltzmann equation relate it to the total number of molecules, 

Yr. 



QiTrod 



-EJT„ 



(3) 



where g^ is the degeneracy of the upper energy level, Q the 
(1) molecular partition function, r,ot the rotational temperature and 
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Fig. 4. SMA spectrum of the C2H5OH 13i,i3-12o,i2 line at 
220.602 GHz (dotted line at 2.5 km s '). The black line indicates 
the emission spectrum toward "A" and the grey line toward "B". 



The dotted vertical lines indicate the position of the CH3 CN 
I23-II3 transition at 220.600 GHz (4 km s^') and the CH3CN 
12fi-l Ifi transition at 220.594 GHz (12.5 km s"') assuming their 



emission arises at vlsr 
shows the baseline. 



= 2 km s ' . The horizontal dotted line 



Eu the energy of the upper energy level. As in the usual rota- 
tional diagram analysis, one can then plot F*'"/§u versus E^, and 
derive the rotational temperature, r,ot, from the slope and the to- 
tal number of molecules, Yj, from the interpolation to E^^ -0 K. 
Column densities can be derived for interferometric observations 
but as for the single-dish observations an assumption for source 
size has to be made. 

In this way rotational diagrams were fit for all molecules 
with a sufficient number of detected lines. The results are sum- 
marized in Table [3] For some species no rotational temperature 
could be determined, since too few lines were detected. In that 
case Yj is derived assuming that these species have the same ro- 
tational temperature as other chemically related species in the 
same source. In §|4]we discuss these results in detail for each 
molecule. 

4. Results 

4.1. HNCO and CHiCN 

The rotational diagrams for HNCO are shown in Fig. |6] and the 
resulting T^ot and It are given in Table [3] for source "A" and 
"B". For s ource "A" the available sin gle dish fluxes from the lit- 
erature by lvan Dishoeck et al.l d 19951) have been over-plotted, but 
have not been used for the fit. The single dish covers both com- 
ponents, but because the flux from source "A" is significantly 
stronger than "B" (see § I2.2l l. we assume that the single dish 
flux arises from source "A". The single dish fluxes are slightly 
larger than the fluxes from the SMA, also when the additional 
flux from the "B" source is taken into account. The rotational 
temperatures are the same for source "A" and "B", 211+16 and 
237+56 K respectively, and much higher than what is detected 
by[yan Dishoeck et al. ( 1995) of 135+40 K. T his discrepancy is 
due to the fact that Ivan Dishoeck et all d 19951) included lines in 
their fit which have rotational temperatures of only up to ~ 1 30 K, 
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Fig. 5. Visibility amplitudes of the emission for the HNCO 
10(),io-9o,9 transition at 219.798 GHz observed with the SMA as 
a function of the projected interferometric baseline length with 
the phase center taken at 1" north of the "A" component. The 
large filled circle near 35 km s ' indicates the flux detected for 
the same line with the JCMT. The solid line repres e nts a fi t to the 
flux at different baselines using the Schoier et al.l (l2002h model 
and assuming a "jump" in the abundance for HNCO at 90 K. The 
dashed line corresponds to the average visibility amplitude for 
baselines longer than 17 k/l. The histogram gives the expected 
amplitude for zero observed signal, i.e., in the absence of source 
emission. 



which results in a lower rotational temperature. Additionally, it 
is possible that extra flux in the single dish observations is due 
to extended emission from the larger scale envelope (see § 13. It . 
The lines detected here range from 58 K to 447 K and have 
stronger constraints on the rotational temperature of compact 
HNCO emission. It is important to note that IRAS 16293- 2422 
emits at mid-infrared wavelengths ('j0rgensen et al.Ll2005c '). and 
thus infrared pumping of HNCO is possible. In that case the 
rotational temperature of HNCO is higher than the gas kinetic 
temperature - and thus than rotational te mperatures determin ed 
for other molecules. When the model bv lSchoier et alj (|2002|) is 
used to fit the (m, v)-plot (see Fig. |5]), the abundance of HNCO 
with respect to H2 can be determined for the outer and inner en- 
velope to be 6.0x10"" and 4.0x10"^ assuming there is a jump 
in the abundance at 90 K. The inner abundance is somewhat un- 
certain, because the exact source size for the compact emission 
is not known. 

For CH3CN rotational diagrams are constructed for both 
sources (see Fig. |7]). Less lines are usable for source "A" due 
to the larger line-width and line-blending. The single d i sh de- 
tections by van Dishoeck et al. ( 1995) and ICazaux et alj (l2003h 
are over-plotted on the data for source "A" and are consistent 
with the SMA data within the un certainties. For both so urces 
the interferometric observations bv lBottinelh et al.l ( l2004bl) with 
the Plateau de Bure interferometer have been over-plotted. These 
are also consistent with the SMA data, except for the 65-55 tran- 
sition at 110.329 GHz with E^ = 197 K which is clearly too 
high for source "B". This may be due to line blending with the 
CHg^CN 6o-5o transition, which has a larger line strength than 
the main isotope. It is thus plausible that it contributes signifi- 
cantly to the line-flux. The resulting rotational temperatures are 
the same within the uncertainties for source "A" and "B" (see 
Table[3]l. The transitions of the isotopomerCH^^^CN are unfortu- 
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Table 3. Rotational temperature, Tiot, total number of molecules, Yj, and abundance with respect to HNCO, xhnco- 



Molecule 




Source "A" 






Source "B" 






-t rot 


y° 


-»^HNC0 


^rot 


n 


.'^HNCO 




(K) 


(mol.) 




(K) 


(mol.) 




HNCO 


277+76 


8.9(14) 


1.0 


237±56 


7.5(13) 


1.0 


CH^CN* 


<372+110 


>5.6(14) 


>0.6 


<390+99 


1.1(15)^ 


14 


CH^^cN 


— 


— 


— 


261 ±485 


1.4(13)^ 


0.19 


CHoCO'' 


— 


5.6(14) 


0.6 


— 


4.7(14) 


6.3 


CH3CHO 


— 


<2.2(13)'' 


<0.02'' 


250±49 


3.2(14) 


4.3 


C2H5OH'' 


— 


— 


— 


— 


7.1(14) 


9.5 



"The notation y(z) stands for y xlO-J'Ty^t for CH3CN in both sources is calculated assuming the main isotope is optically thin, and is therefore 
an upper limit (see § 13. 2t . whereas It is a lower limit. "^Yj for CH3CN and CHj^CN in source "B" has been determined from the CHj^CN 
lines assuming a '-C/'^^C ratio of 77 jWilson & Rood [19941) . ''It for CH2CO and C2HJOH in source "B" are derived assuming they have the 
same rotational temperature as CH3CHO (see Table|2ll. ""The upper limit is derived for CH3CHO toward source "A" with the assumption that the 
rotational temperature is identical to that in source "B". 
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Fig. 6. Rotational diagram for HNCO transitions detected with the SMA shown as fil led squares (■) toward sou rces "A" (left) and 
"B" (right). Emission lines detected with the single dish telescopes JCMT and CSO bv lvan Dishoeck et al.l d 19951) are indicated with 
open squares (n), but are not used for the fit. Uncertainties of 30% are over-plotted on the data. 



nately strongly blended in source "A" so that the determination 
of the optical depth is not possible. From the detections of lines 
for CHj^CN for source "B" it is clear that the emission is op- 
tically thick and therefore that the resulting T^ot and Yj from 
the rotational diagram of the main isotope are over- and under- 
estimated, respectively (see Sect. 12.2b . A rotational diagram has 
been constructed for source "B" from the four CH'^CN lines and 
is shown in Fig. [8] The results of this fit are not well constrained 
because they are relatively close in excitation energy. However, 
the line intensities of the two highest excitation CH3CN transi- 
tions, which are likely optically thin, can be ad ded. When they 
are cor rected for the '^C/'^C isotopic ratio of 77 lWilson & Rood! 
(II994I) . they are consistent with the fit and thereby decrease the 
uncertainty from 261+485 K to 221+51 K (see Fig. [8). Using 
the value of T^ot =261 K we can derive a number of molecules 
for CH3CN for source B (see Table[3j. For CH3CN no extended 
emission can be inferred from the (m, v)-data. The lowest de- 
tected emission line has E^^ - 69 K in our SMA data. Hence 
we cannot exclude the presence of extended emission for lines 
with even lower excitation energies. 



4.2. CH2CO, CH3CHO and C2H5OH 



CH2C O has previously been detected by I van Dishoeck et aP 
(1 19951) who found only very weak lines with the JCMT and CSO. 
Their derived rotational temper ature is 35 K and column den- 
sity 4x10'^ cm"2. Furthermore. iKuan et al] (|2004|) detected the 
CH2CO 172,15-162,14 transition at 343.694 GHz (£„ = 200 K) 
only toward source "B", suggesting that hot CH2CO is also 
present. The lli,ii-10i,io transition (£11 = 76 K) detected here 
has a similar strength in both source s. A compari son with the 
single dish fluxes from van Dishoec k et al.l d 1995b shows that 
the SMA flux is lower by about a factor of 2. This may indi- 
cate that large scale emission from CH2CO is resolved out with 
the SMA, consiste nt with the low rotational te mperatures found 
in single-dish data dvan Dishoeck et aU 1 19951) . Unfortunately, it 
is difficult to derive the presence of extended emission from the 
(m, v)-visibility plots for the SMA observations, because the line 
strengths in source "A" and "B" are so similar. Future higher 
angular resolution observations are needed to resolve this issue. 
Since only one line is detected for both CH2CO and C2H5OH, it 
is not possible to determine rotational temperatures. Yj can how- 
ever be estimated when one assumes that CH2CO and C2HgOH 
have the same rotational temperature as CH3CHO. 
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Fig. 7. Rotational diagram for CH3CN transitions detected with the SMA shown as filled squares (■) toward IR AS 16293-2422 for 
source "A" (left panel) and source "B" (rig ht panel). Emi s sion li nes detected with the JCMT observations by Ivan Dishoeck et alj 
(Il995h and the IRAM 30 m observations bv lCazaux et alj (l2003h are shown for source "A" with open squares (n). Emission lines 
detected bv ' Bottinelli et alJ (l2004 b) with the Plateau de Bure interferometer are shown for both sources with open triangles (A). 
Only the SMA data studied here is used for the fits. Uncertainties of 30% are over-plotted on the data. 
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Fig. 8. Rotational diagram for CH^^CN emission detected with 
the SMA toward source IRAS 16293-2422B shown as filled 
squares (■) and high excitation lines of the main isotope CH3CN 
corrected for the '^C/'^C isotopic ratio are shown as open 
squares (n). Uncertainties are over-plotted on the data. 



Fig. 9. Rotational diagram for CH3CHO emission detected with 
the SMA toward source IRAS 1629 3-2422B shown as fi lled 
squares (■). The single dish data by ICazaux et al.l (l2003h are 
shown as open squares (n), but are not used for the fit. 
Uncertainties of 30% are over-plotted on the data. 



Figure |9] shows the rotational diagram of the CH3CHO lines 
detected with the SMA and the resulting values for Tiot, Ij and 
the abundance jchnco with respect to HNCO are given in Table[3] 
Both CH3CHO-A and CH3CHO-E lines have been included in 
the fit with the assumption that their abundance ratio is unity and 
they both trace the same temperature gas. However, the result is 
not strongly influenced by this assumption since the fit to both 
CH3CHO-A and E lines is within the uncertainties identical to 
the fit obtained to CH 3CHO-A lines only. The single dish data by 
ICazaux et al.l (l2003l) are over-plotted on the rotational diagram 
but are not used for the fit. They are consistent with the SMA 
fluxes for E^ >50 K. The rotational temperature calculated from 
the SMA data is 281 ±47 K. Cazaux et al. (2003) find a rotational 
temperature of <40 K, and furthermore their lower excitation 
lines lie significantly above the fit to the rotational diagram. This 



implies that the emission with E^, <30 K originates from cold 
extended material. This is also consistent with interferometric 
observations of CH3C HO in the high-mass star forming region 
Sgr B2(N) (ILiull2005h . where the CH3CHO emission is largely 
extended. The limit to the CH3CHO/CH3OH abundance ratio in 
source "A" is an order of magnitude lower than the detection in 
source "B", resulting both from a lower CH3CHO and a higher 

CH3OH column.^ 

Previously, Ivan Dishoeck et al] (Il995h suggested that 
C2H5OH could be present in the spectra of this source, but 
were not abl e to make a firm i dentification based on strong 
line-blends. Huang et ajj ( l2005b made the first conclusive 
detection of compact emission for C2H5OH toward source "A" 
for the 203,17-193,16 transition at 354.757 GHz with E^ = 249 K. 
The detection here seems secure, but is blended with other lines 
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(see § 12.21 ). The previous detection bv lHuang et al.l ( l2005h gives 
additional weight to the assignment of C2H5OH. 

The emission of CH2CO, CH3CHO and C2H5OH behaves 
spatially very differently, also with respect to HNCO and 
CH3CN. CH2CO has emission that is similar in strength for 
source "A" and "B" and for C2H5OH this also appears to be the 
case even though due to line blending it is not possible to deter- 
mine this with certainty. However, the limit on Yj for CH3CHO 
is an order of magnitude lower than the detection toward source 
"B". The emission from CH2CO and C2H5OH may arise from 
similar regions, but more transitions are required for a determi- 
nation of the rotational temperatures. 

5. Discussion 

In this section the chemical implications of the observations 
are discussed. To compare the abundances of the species stud- 
ied here with other sour ces, they are determined relative to the 
CH3OH observations bv lKuanetal] ( |2004|) with the SMA (see 
Table |4|. The value of Yj has been calcu lated for CH3OH from 
the integrated flux given bv iKuan et alj (2004) assuming that 
the emission comes from a compact region with an average 
temperature of 200 K, a typical value found for the species in 
this study. The abundances are presented for individual com- 
ponents and the sum of "A -1- B" from the SMA data as well 
as pr eviously published s ingle dish results for IRAS 16293- 
2422 ( van Dishoeck et all 1 19951) . the high-mass Orion hot core 
dSutton et al.Lll985[) and the average over a survey of seven high- 
mass YSOs JBisschop et all l2007bl) . CH3OH is taken as a ref- 
erence molecule because it is one of the most abundant grain- 
surface products. Ideally, one would like to calculate the molec- 
ular abundances with respect to H2 for the most direct com- 
parison to chemical models. However, no accurate measure of 
the number of H2 molecules exist: the dust continuum emission 
at (sub)millimeter wavelengths observed by interferometers is a 
combination of emission from both the circum-binary envelope 
and the emission fr om each of the comp act disks around source 
"A" and "B" (e.g., ISchoier et all |2004|) . Likewise, mo dels for 
the larger-scale circum-bin ary envelope (e.g., Ceccarel li et al.L 
l2000t ISchoier et all l2002h have typically been 1 -dimensional 
and thus not meaningful for comparison of the relative abun- 
dances toward source "A" and "B". The uncertainties in the num- 
ber of molecules for CH3OH lead to a possible error of -40% 
to +10% in the absolute abundance ratios in Table ID For all 
molecules at the same position ("A" or "B") it is only ~30%. 



5.1. HNCO and CHiCN 

It is striking that even though the line-widths of HNCO and 
CH3CN are significantly different between the "A" and "B" com- 
ponents, their excitation and distribution is similar When optical 
depth is taken into account it is very probable that both species 
are present in a similar environment. 

Since HNCO and CH3CN are nitrogen-bearing species 
their relative abundances compared to CH3OH are not ex- 
pected to be constant. However, it is interesting to note that 
the abundance ratios found for the low-mass IRAS 16293- 
2422 source as a whole ("A" + "B ") are very similar to the 
Orion hot core JSutton et al.L Il985h and a high-mass survey 
(iBisschop et all |2007b|). SpecificaUy, HNCO/CH3OH is 0.02 
for "A" and CH3CN/CH3OH is >0.02, to be compared with 
0.01-0.02 and 0.04-0.08 for the high-mass sources, respec- 
tively. In contrast, for HNCO the differences between the two 
IRAS 16293-2422 sources "A" and "B" are larger than those 



with the high-mass sources. This suggests that both species 
are formed through the same mechanisms independent of cloud 
mass and luminosity, and that other factors cause the differences 
between individual objects. 

The most likely formation mechanism for HNCO is 
OCN~ evaporation from g rains dAUamandola et all 119991 : 
Ivan Broekhuizen et all 12004!) . whereas CH3CN may partly form 
on the surfaces of grains from reactions of CH3 with CN as wel l 
as in the gas phase from HCN with CH3 dGarrod et all |2008|) . 
One possible explanation for the large abundance difference be- 
tween "A" and "B" is that the initial solid state abundances of 
nitrogen-bearing species such as OCN" and NH3 were higher 
in "A" than in "B", which resulted in higher gas phase HNCO 
abundance after evaporation. This may explain why the spa- 
tial distribution of HNCO is so different also from the oxygen- 
bearing species. Indeed the ice abundances of nitrogen-bearing 
species on grains vary strongly between different objects as is 
exemplified by the case of OCN" for which variations of about 
an order of magnit ude have been observed for s ources that are 
only 400 AU apart dvan Broekhuizen et alll200j ). similar to the 
distance between sources "A" and "B". Additionally, significant 
variations in the NH3 ice abundance are seen in l ow-mass YSOs 
(BottinelH et al., in prep.: lBottineni et alll2007a) . Additionally, 
the gas phase abundance of HC'^N is also almost an order of 
magnitude higher for source "A" compared to "B" iKuan et al] 
(2004), which suggests that the abundance of CH3CN may also 
be enhanced in the gas phase. 



5.2. CH2CO, CH3CHO and C2H5OH 

A comparison of the abundances of CH2CO, CH3CHO and 
C2H5OH w i th res pect to CH3OH in hot gas with the SMA 
(iKuanetall |2004 is given in Table H The hot CH2CO and 
C2H5OH abundances relative to CH3OH are similar to those 
found in high-mass sources. In contrast, the CH3CHO abun- 
dance differs about a factor of ~30 between sources "A" and 
"B". This difference arises from the fact that the limit on the 
number of molecules for CH3CHO is an order of magnitude 
lower toward source "A" compared to "B", whereas the number 
of molecules for CH3OH is a factor of 2-3 higher toward source 

"A"^ 

iTielens & CharnlevI (1 19971) explained the presence of these 
molecules through successive hydrogenation of HCCO, where 
complete hydrogenation leads to the formation of the most 
hydrogen-rich species C2H5OH and incomplete hydrogenation 
to one of the intermediate species CH2CO and CH3CHO. If 
hydrogenation of HCCO is the sole formation mechanism for 
all species there are three possible outcomes, (i) hydrogenation 
is complete, (ii) hydrogenation is incomplete or (iii) CH3CHO 
is very efficiently converted to molecules other than C2H5OH 
at high temperatures in the ice or right after evaporation from 
the grain surface. For scenario (i) behavior such as observed 
for high-mass sources is expected with only C2HgOH seen in 
the hot gas, since CH2CO and CH3CHO are fully converted to 
C2H5OH. However, the detection of hot compact emission for 
CH2CO and CH3CHO implies that this cannot be the case. Thus 
it is possible that hydrogenation is incomplete (scenario ii ). As 
demonstrated in the experiments bv IBisschop et al.l d2007ah . the 
relative abundances of C2H5OH and CH3CHO depend on time 
or rather on the total number of H-atoms the ice is exposed to. 
Additionally, the ice thickness affects the formation: for ices of a 
few monolayers thick some CH3CHO molecules can be hidden 
from impinging H-atoms and this effect will depend strongly 
on ice morphology, such as porosity and the presence of other 
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Table 4. Comparison of IRAS 16293-2422 the abundances for source "A" and "B" normalized to the number of molecules of 
CH3OH with those of other high-mass sources. 



Molecule" "A" 



"B" "A" + "B" Single Dish Orion KL hot core'^ High-mass survey 



HNCO 


0.03 


0.005 


0.02 


0.04 


CHiCN 


>0.02 


0.07 


>0.02 


0.04 


CH2CO 


0.02 


0.03 


0.02 


0.04 


CH3CHO 


<0.0007 


0.02 


<0.007 


<0.02 


C2H,OH 


— 


0.01 


— 


<0.05 


H2CO 


— 


— 


— 


0.24 













0.01 
0.04 
0.01 



0.1 



0.02 

0.08 
<0.005^ 
<0.003'' 

0.025 

0.22 



°From | Kuan et a l.l (2004), assuming the flux arises from a compact region with an excitation temperature of 200 K, Ivan Dishoeck et al] d 19951) . 
ISutton et alj (11985). "Bisschop et al. (2007b), ''limits determined from highest excitation lines detected for CH2CO and CH3CHO in the high-mass 
YSO survey bv iBisschop et al.i ( i2007 b) assuming the emission comes from hot gas with r,.o, = 200 K. Since much lower rotational temperatures 
have actually been determined the values indicate upper limits only. 



species in the ice. It then becomes difficult to predict the exact 
ratio between the relative abundances of CH2CO, CH3CHO and 
C2H5OH. This ratio may vary strongly per source. 

One way to test scenario (ii) is to compare the abundance 
ratios C2H5OH/CH3CHO and CH3OH/H2CO. These ratios are 
expected to be sensitive to the same ice morphology when grain- 
surface hydrogenation is the main formation mechanism. This is 
not an unreasonable assumption since H2CO and CH3OH were 
found to form through grain-surface hydrogenation fro m HCO 
in lab oratory experiments (Watanabe et al., 2004; Fuch s et all 
I2008h . The CH3OH/H2CO abundance ratio is ~5 and in favor 
of CH3OH, in contrast to 0.5 for the C2H5OH/CH3CHO ratio 
toward source "B" which is in favor of CH3CHO. It thus seems 
clear that there must be other processes than just the simple hy- 
drogenation involved. However, since both the CH2CO/CH3OH 
ratio and C2H5OH/CH3OH ratios are rather similar between 
different sources, it appears that it is mainly the chemistry of 
CH3CHO that is not well understood. 

Alternatively, CH3CHO may be rapidly destroyed in the 
solid state or in the gas phase right after evaporation (scenario 
iii), while CH2CO and C2H5OH are more stable. If this is cor- 
rect, the determining factor for CH3CHO destruction is absent 
or less strong for source "B" compared to "A". This could be 
an effect of e.g., UV-photolysis, although there is no a priori 
reason to expect very different photodissociation rates for these 
three species. The more quiescent nature of source "B" com- 
pared to "A" suggested by their different line widths could also 
play a role. Temperature effects are likely not important, since 
CH3CHO has been detected with very high temperatures toward 
source "B". Alternatively, CH3CHO and C2H5OH are not di- 
rectly related. Further searches for CH3CHO abundance varia- 
tions compared to C2H5OH and CH3OH are needed to elucidate 
its chemistry. 

6. Summary and conclusions 

We have performed an interferometric study of the complex or- 
ganic species HNCO, CH3CN, CH2CO, CH3CHO and C2H5OH 
toward the low-mass protostar I RAS 16293-2422 w ith the SMA. 
Previously published data from iKuan et al] ([2004') are used to 
determine abundances relative to CH3OH. The main conclusions 
of this work are: 

- The emission from both HNCO and CH3CN is compact and 
is seen toward both sources in the binary, with only 10-20% 
arising from source "B". Additionally, the lowest excitation 
line of HNCO shows extended emission suggestive of its 
presence in a cold extended envelope. The relatively higher 



abundances with respect to CH3OH in source "A" may orig- 
inate from higher initial abundances of OCN" in the ice. 
- For CH2CO and C2H5OH only one line is detected due 
to compact emission. For CH2CO these lines are detected 
with similar strength toward both sources and C2H5OH is 
clearly detected in source "B", but due to line-blending it 
is difficult to determine the flux for source "A". Compact 
hot emission for CH3CHO is detected only toward source 
"B". Com parison with previous single dish observations by 
ICazaux et al. (2003) suggests that a cold extended compo- 
nent is present as well. If CH2CO, CH3CHO and C2H5OH 
are related through successive hydrogenation on the surfaces 
of grains, the same spatial behavior is expected for all three 
species. Since this is not observed, it suggests that hydro- 
genation reactions on grain surfaces alone cannot account for 
the observed gas phase abundance ratios. The difference be- 
tween the two IRAS 16292-2422 sources can be explained if 
CH3CHO would be selectively destroyed in source "A" right 
before or after grain-mantle evaporation. 

The discussion in this paper demonstrates the strength of clearly 
resolved interferometric observations for studies of the chem- 
istry in star forming regions. First, molecules that have both ex- 
tended and compact emission can easily be identified based on 
(m, v)-visibility analysis. In single dish observations these com- 
ponents will be averaged together giving rotational temperatures 
in between that of the hot and cold component. Additionally, 
compact emission arising from different components in the same 
single-dish beam can be separated, which leads in some cases 
to abundance ratios that can vary over an order of magnitude 
for different sources as exemplified in Table |4] for HNCO and 
CH3CHO. For HNCO the presence of a cold extended com- 
ponent could not be derived from the single dish observations, 
whereas for CH3CHO it is the hot component that is not de- 
tected. Furffier interferometric studies are needed to elucidate 
ffie chemical relations between complex organics. 
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Fig.A.l. Individual SMA spectra for the 103,7/8-93,6/7, 102,9- 
92,8 and 102,8-92,7 HNCO transitions and the 128-118 and I27- 
1 17 CH3CN transitions. The spectra for the "A" position are de- 
picted in the left column and for "B" in the right column. The 
vertical dotted line indicates the average systemic line position. 
The horizontal dotted line shows the baseline. 

Appendix A: SMA Spectra 
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Fig. A.2. SMA spectrum in the 220.668-220.752 GHz range for 
sources "A" (lower spectrum) and "B" (upper spectrum). The 
vertical dotted lines indicate the positions of, from left to right, 
the 124-1 14, 123-1 13, 122-1 12, 12i-lli and 12o-llo CH3CN 
transitions and the horizontal dotted lines the baseline. 
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Fig.A.3. Individual SMA spectra for, from left to right, 
the lli,io-10i,9, 122,11-112,10, 122,11-112,10, 12o,i2-llo,ii and 
125,8/8-115,7/6 CH3CHO-A transitions. The spectra for the "A" 
position are depicted in the left column and for "B" in the right 
column. The horizontal dotted line shows the baseline. 
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Fig. A.4.SMA spectra for the 123_9-ll3_8, 125j-ll5,6, and 125,8- 
II57 CH3CHO-E transitions (dotted lines). The black line indi- 
cates the emission spectrum toward "A" and the grey line toward 
"B". The horizontal dotted line shows the baseline. 



